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Abstract 
,Q WKLV SDSHU ZH SUHVHQW D PHWKRG IRU GHWHFWLQJ PDOLFLRXV $QGURLG DSSOLFDWLRQV XVLQJ IHDWXUH VHOHFWLRQ PHWKRGV 7KUHH
GLVWLQJXLVKLQJ IHDWXUHV LH RSFRGHV PHWKRGV DQG VWULQJV DUH H[WUDFWHG IURP HDFK $QGURLG ILOH DQG XVLQJ IHDWXUH VHOHFWLRQ
WHFKQLTXHVSURPLQHQWDQGGLYHUVHWRSUDQNLQJIHDWXUHVDUHPLQHG'LIIHUHQWWUHHFODVVLILHUVDUHXVHGWRFDWHJRUL]H$QGURLGILOHV
DVHLWKHUPDOZDUHRUEHQLJQ5HVXOWVVKRZWKDWPHWKRGVLVWKHPRVWFUHGLEOHIHDWXUHZKLFKJLYHVDFFXUDF\RIZLWK
DWWULEXWHVXVLQJ&RUUHODWLRQ)HDWXUH6HOHFWLRQPHWKRGDQG$GDERRVWZLWK-DVEDVHFODVVLILHU

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRIWKH,QWHUQDWLRQDO&RQIHUHQFHRQ,QIRUPDWLRQDQG&RPPXQLFDWLRQ
7HFKQRORJLHV,&,&7
.H\ZRUGV$QGURLGPDOZDUH)HDWXUHVHOHFWLRQPHWKRGV'LPHQVLRQDOLW\UHGXFWLRQ
1. Introduction 
7RGD\¶V VPDUW SKRQHV KDYH HYROYHG IURP PRELOH SKRQHV ZLWK PRUH VRSKLVWLFDWHG IXQFWLRQDOLWLHV OLNH ZHE
EURZVLQJVRFLDOQHWZRUNLQJYLGHRYLHZLQJRQOLQHEDQNLQJDQGPRUH6PDUWSKRQHVDUHVPDUWGXHWRWKHRSHUDWLQJ
V\VWHPVLWFDUULHV$QGURLGLVWKHPRVWSRSXODURQHDQGKROGVWKHODUJHVWPDUNHWVKDUH7KHSRSXODULW\DQGDOVRWKH
RSHQVRXUFHQDWXUHKDYHDWWUDFWHGPDOZDUHZULWHUVWRZDUGV$QGURLG6WULFWDSSOLFDWLRQLQVSHFWLRQSURFHGXUHLVQRW


&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVGHHSDKDULQDLU#JPDLOFRP
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SHUIRUPHGEHIRUHWKH\DUHSXEOLVKHGLQWKH$QGURLGPDUNHW$QGURLGVHFXULW\PRGHOLVEDVHGRQSHUPLVVLRQEDVHG
PHFKDQLVLP
$QGURLGGHYLFHVDUHYXOQHUDEOHWRWKUHDWVFDXVHGE\WKHPDOLFLRXVDSSOLFDWLRQVGXHWRWKHHDVHRIPRGLILDELOLW\
RI WKH DSSOLFDWLRQV 6RPH RI WKH QRWLFHDEOH YXOQHUDELOLWLHV DUH GHQLDO RI VHUYLFH DWWDFNV WKDW FDXVH UHTXHVWV WR EH
IORRGHG LQ WKH VHUYHUV E\ WKH FRPSURPLVHGPDFKLQH H[HFXWLRQRI FRGHE\ WKH DWWDFNHUVXVLQJ$QGURLG 'HEXJJHU
%ULGJH DGE VWDFN EDVHG EXIIHU RYHUIORZ UHVXOWLQJ LQ DUELWUDU\ FRGH H[HFXWLRQ PHPRU\ FRUUXSWLRQ WR JDLQ URRW
SULYLOHJHVHWF
7KHSDSHUDLPVDWGHYHORSLQJPDFKLQHOHDUQLQJEDVHGPHWKRGIRU$QGURLGPDOZDUHDQDO\VLV5HFHQWO\PDFKLQH
OHDUQLQJWHFKQLTXHVDUHEHLQJXVHGWREXLOGPRGHOVIRUGHFLVLRQPDNLQJWKDWDXWRPDWLFDOO\OHDUQVIURPDYDLODEOHGDWD
$QGURPDO\ XVHV PDFKLQH OHDUQLQJ WHFKQLTXHV WR GLVFULPLQDWH EHQLJQ DQG PDOLJQDQW DSSV ,W LV D KRVW EDVHG
VXSHUYLVHGDQRPDO\GHWHFWLRQV\VWHPWKDWH[WUDFWV IHDWXUHVWROHDUQDERXWNQRZQPDOZDUHDQGLGHQWLILHVXQNQRZQ
PDOZDUH ([SHULPHQW ZDV SHUIRUPHG RQ  GDWDVHWV GHYHORSHG IURP  EHQLJQ JDPHV  EHQLJQ WRROV DQG 
PDOLFLRXVDSSV'HWHFWLRQUDWHVZHUHEHWWHULQFDVHRIXVDJHRIEHQLJQJDPHVWKDQEHQLJQWRROV
2XU PHWKRG H[WUDFWV VWDWLF IHDWXUHV VXFK DV RSFRGHV PHWKRGV DQG VWULQJV IURP DSN ILOH )HDWXUH VHOHFWLRQ
PHWKRGV OLNH*RRGPDQ.UXVNDOV ,QIRUPDWLRQ*DLQ DQG&RUUHODWLRQ)HDWXUH6HOHFWLRQ &)6 LV XVHG WR UDQN HDFK
DWWULEXWH )LQDOO\ D FODVVLILFDWLRQ PRGHO LV GHYHORSHG IRU FODVVLI\LQJ XQVHHQ$QGURLG ILOHV DVPDOZDUH RU EHQLJQ
XVLQJ YDULRXV FODVVLILHUV OLNH1DwYH%D\HV$GDERRVW ZLWK - DV EDVH FODVVLILHU ,%.5DQGRP)RUHVW - DQG
6HTXHQWLDO0LQLPDO2SWLPL]DWLRQ602
)ROORZLQJ DUH WKH NH\ FRQWULEXWLRQV RI WKH SURSRVHG PHWKRG D $ PDFKLQH OHDUQLQJ EDVHG PRGHO IRU
FODVVLILFDWLRQ RI PDOZDUH DQG EHQLJQ DSSOLFDWLRQV LV EXLOW XVLQJ QRQVLJQDWXUH EDVHG PHWKRG E 8VXDOO\
PLVFODVVLILFDWLRQRFFXUVGXHWRKXJHIHDWXUHOHQJWKVVRLQRXUPRGHOGLPHQVLRQDOLW\UHGXFWLRQLVEURXJKWDERXWE\
XVLQJWKUHHIHDWXUHVHOHFWLRQPHWKRGVF7KHUREXVWPRGHOXVLQJSURPLQHQWIHDWXUHPHWKRGDFKLHYHVDFFXUDF\RI
ZLWKDWWULEXWHVXVLQJ&RUUHODWLRQ)HDWXUH6HOHFWLRQ0HWKRGZLWK$GDERRVWFODVVLILHU
7KH UHPDLQLQJ VHFWLRQV DUH RUJDQL]HG DV IROORZV 6HFWLRQ  GHDOV ZLWK UHODWHG ZRUNV LQ WKH ILHOG RI DQGURLG
PDOZDUHGHWHFWLRQ6HFWLRQGLVFXVVHVWKHSURSRVHGPHWKRGRORJ\6HFWLRQFRPSULVHVRIH[SHULPHQWVDQGUHVXOWV
DQG6HFWLRQGHDOVZLWKFRQFOXVLRQ

2. Related Work 
$XWKRUV LQSURSRVHG D NHUQHO EDVHG EHKDYLRU DQDO\VLV RI $QGURLGPDOZDUH ,W LV D VLJQDWXUH EDVHG GHWHFWLRQ
PHWKRGRORJ\7RJHQHUDWHVLJQDWXUHVNH\ZRUGVRUUHJXODUH[SUHVVLRQVZHUHXVHG([SHULPHQWVZHUHSHUIRUPHGRQ
 DSSOLFDWLRQV GRZQORDGHG IURP WKH $QGURLG PDUNHW 7KH UHVXOW RI WKLV VWXG\ OHG WR WKH JHQHUDWLRQV RI 
VLJQDWXUHVEDVHGRQWKUHHFDWHJRULHVRIWKUHDWVDVVRFLDWHGZLWKWKHDSSOLFDWLRQV
,Q D VWDWLFPHFKDQLVP IRU LGHQWLI\LQJ WKHPDOLFLRXV FRGH LQ L&DOHQGHU E\ UHYHUVH HQJLQHHULQJZDV SURSRVHG
([SHULPHQWZDVSHUIRUPHGXVLQJ$SN7RRO:LQ=LS'H[-DU DQG-'*8,7KH UHVXOWLQJFRGH LV VFUXWLQL]HG
DQGWKHPDOLFLRXVFRGHLQMHFWHGLQL&DOHQGHULVGHWHUPLQHG
'URLG0DW VWDWLF IHDWXUH H[WUDFWLRQ PHWKRG ZDV SURSRVHG E\ 7KH H[SHULPHQW ZDV FDUULHG RXW RQ PDOZDUH
FROOHFWHG IURP &RQWDJLR PRELOH DQG EHQLJQ DSSV FROOHFWHG IURP *RRJOH 3OD\ 7KH IHDWXUHV OLNH SHUPLVVLRQV
DFWLYLWLHVVHUYLFHVHWFLQVLGHWKHPDQLIHVWILOHZHUHH[WUDFWHG6LQJXODUYDOXHGHFRPSRVLWLRQZDVDSSOLHGWRILQGRXW
WKHPRVWFULWLFDOIHDWXUHV
*LDQOXFD'LQL(WDOGLVFXVVHGDUHDOWLPHPXOWLOHYHODQRPDO\GHWHFWRUWKDWPRQLWRUV$QGURLGERWKDWNHUQHOOHYHO
DQG XVHU OHYHO QDPHG 0$'$0 ,W XVHV OHVVHU QXPEHU RI IHDWXUHV FRPSDUHG WR $QGURPDO\ +HUH PDFKLQH
OHDUQLQJ WHFKQLTXHV ZHUH XVHG WR GHWHFW XQNQRZQPDOZDUH$IWHU JDLQLQJ URRW SULYLOHJH D ORJJHUPRGXOH ERXQG
LQVLGH LQ WKH NHUQHO ILQGV RXW WKH QXPEHU RI RFFXUUHQFH RI V\VWHP FDOOV $ FROOHFWRU UHFHLYHV IHDWXUHV DQG EXLOGV
IHDWXUHYHFWRUV/RJJHUVWRUHVLW LQORFDO ILOHV WREXLOGWUDLQLQJVHW$FODVVLILHUZDVGHYHORSHGEDVHGRQWKLVDQGLW
GHFLGHVZKHWKHUWKHYHFWRUVEXLOWDUHJRRGRUPDOLFLRXV
6XUYH\ RI FXUUHQW VWDWH RIPRELOHPDOZDUH ZDV GLVFXVVHG LQ 7KH DXWKRUV KDYH DQDO\]HG  SLHFHV RI L26
$QGURLGDQG6\PELDQPDOZDUHWKDWZDVIRXQGLQZLOGVLQFH7KHVDPHGDWDVHWLVDOVRXVHGIRUHYDOXDWLQJWKH
WHFKQLTXHVIRUSUHYHQWLQJDQGLGHQWLI\LQJPRELOHPDOZDUH
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3. Proposed Methodology 
,Q WKLV VHFWLRQZH GHVFULEH RXUPDFKLQH OHDUQLQJ EDVHGPRGHO IRUPRELOHPDOZDUH DQDO\VLV:H KDYH DSSOLHG
IHDWXUH H[WUDFWLRQ DQG GLPHQVLRQDOLW\ UHGXFWLRQ WHFKQLTXHV LQ RXU DSSURDFK $SN7RRO LV XVHG WR GLVDVVHPEOH
$QGURLGILOHVDQGWKUHHSUHGRPLQDQWIHDWXUHVQDPHO\RSFRGHVPHWKRGVDQGVWULQJVDUHH[WUDFWHGWRGHYHORSDPRGHO
IRUPDOZDUHGHWHFWLRQ7KHIHDWXUHVHOHFWLRQPHWKRGVXVHGZHUH.UXVNDOVPHWKRGLQIRUPDWLRQ*DLQDQG&RUUHODWLRQ
)HDWXUH VHOHFWLRQ &)6 7KH IHDWXUH YHFWRU WDEOHV FRQVWUXFWHG IURP WKH VHOHFWHG IHDWXUH VHWV ZHUH JLYHQ WR WKH
FODVVLILHUIRUFODVVLILFDWLRQXVLQJ:(.$7KHFODVVLILHUXVHGZHUH1DwYH%\HV$GDERRVW,EN5DQGRP)RUHVW-
DQG6HTXHQWLDO0LQLPDORSWLPL]DWLRQ602 7KHSURSRVHG IUDPHZRUN LV VKRZQ LQ)LJ DQG WKHPHWKRGRORJ\ LV
GHVFULEHGLQWKHIROORZLQJVXEVHFWLRQ

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)LJ$UFKLWHFWXUHRIFODVVLILFDWLRQPRGHO
 'DWDFROOHFWLRQ
'DWDVHWVZHUHJHQHUDWHGIRUPDOLFLRXVDVZHOODVEHQLJQ$QGURLGDSSOLFDWLRQV$WRWDORIPDOLFLRXVDSSOLFDWLRQ
VDPSOHVZHUHFROOHFWHGIURPWKH&RQWDJLRPRELOH DQGEHQLJQDSSOLFDWLRQVZHUHGRZQORDGHGIURPGDWDVHWV
DQG (DFK EHQLJQ ILOH ZDV VFDQQHG XVLQJ FRPPHUFLDO DQWLYLUXV WR PDNH VXUH WKDW DOO EHQLJQ ILOHV ZHUH LQGHHG
OHJLWLPDWH
 'DWDVHWSUHSURFHVVLQJ
$QGURLG ILOHVKDYH DSN H[WHQVLRQ7KHVH DSN ILOHV DUH JLYHQ DV LQSXW WR$SN7RRO WRXQSDFNDJH LW7KLVZLOO
FRQWDLQ VPDOL IRUPDW7KLV VPDOL ILOH LVXVHG WRH[WUDFW IHDWXUHVZKLFK LQRXUFDVH LVRSFRGHZLWKRXWRSHUDQGV
PHWKRGQDPHZLWKRXWUHWXUQW\SHDQGSDUDPHWHUVDQGVWULQJV
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 6HSDUDWLRQRIGDWDVHW
$IWHUWKHH[WUDFWLRQRIIHDWXUHVWKHFRPSOHWHGDWDVHWLVGLYLGHGLQWRWUDLQDQGWHVWVHW2XWRIWKHWRWDOEHQLJQ
VDPSOHVRIWKHPDUHLQFOXGHGLQWKHWUDLQLQJVHWDQGUHPDLQLQJUHVHUYHGIRUSUHGLFWLRQSKDVH)URPWKHWRWDO
PDOZDUHVDPSOHVDUHLQFOXGHGLQWKHWUDLQLQJVHWDQGUHPDLQLQJVDPSOHVDUHLQFOXGHGLQWKHWHVWVHW

 )HDWXUHVHOHFWLRQ
$WDEOHLVFRQVWUXFWHGIRUHDFKIHDWXUHH[WUDFWHGZKLFKFRQWDLQVWKHIUHTXHQF\RIRFFXUUHQFHRIWKHIHDWXUHDQG
WKH QXPEHU RI ILOHV LQ ZKLFK WKH IHDWXUH LV SUHVHQW DIWHU HOLPLQDWLQJ VSDUVH DQG UHGXQGDQW IHDWXUHV )HDWXUHV
FRQVLGHUHGDUHWKRVHZKLFKSRVVHVVORZIUHTXHQF\DQGWKRVHH[LVWLQIHZHUVDPSOHV7KUHHIHDWXUHVHOHFWLRQPHWKRGV
XVHGDUH&RUUHODWLRQ)HDWXUHVHOHFWLRQPHWKRG*RRGPDQ.UXVNDOVPHWKRGDQG,QIRUPDWLRQ*DLQPHWKRG7DEOH
LQWURGXFHVWKHWKUHHIHDWXUHVHOHFWLRQPHWKRGV

7DEOH)HDWXUHVHOHFWLRQPHWKRGV
Method Description
&RUUHODWLRQ
)HDWXUH
6HOHFWLRQ
0HWKRG

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,* GHFLGHV WKH UHOHYDQFH RI DQ DWWULEXWH 1 WRWDO QXPEHU RI VDPSOHV ) FN1  FN)1  LV WKH QXPEHU RI
VDPSOHVLQFODVVFNZKHUHIHDWXUH)LVSUHVHQWDEVHQW )1  )1 LVWKHQXPEHURIVDPSOHVLQZKLFKIHDWXUH
) LV SUHVHQWDEVHQW )1 LV WKH QXPEHU RI VDPSOHV WKDW FRQWDLQ IHDWXUH ) FN1  FN1 LV WKH QXPEHU RI
VDPSOHVLQFODVV N&  FN 

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 0RGHOFRQVWUXFWLRQDQGSUHGLFWLRQ

$ FODVVLILFDWLRQ PRGHO LV FRQVWUXFWHG ZLWK IHDWXUH OHQJWKV  «  XVLQJ $GD%RRVW 1DwYH %D\HV
5DQGRP )RUHVW ,EN - DQG 6HTXHQWLDO PLQLPDO RSWLPL]DWLRQ 602 FODVVLILHUV 7KH PRGHOV ZHUH FUHDWHG DQG
FODVVLILHG XVLQJ :(.$ 7KH IHDWXUH YHFWRU WDEOHV FRQVWUXFWHG IURP WKH VHOHFWHG IHDWXUH VHWV DUH JLYHQ WR WKH
FODVVLILHUIRUPRGHOFRQVWUXFWLRQ7KHFODVVLILHUSUHGLFWVXQNQRZQVDPSOHV
 (YDOXDWLRQSDUDPHWHU
7KHSHUIRUPDQFHVRIFODVVLILFDWLRQXVLQJGLIIHUHQWIHDWXUHVHWVZHUHPHDVXUHGLQWHUPVRIDFFXUDF\$FFXUDF\LV
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7KHPRGHOJHQHUDWHGE\VWULQJDVIHDWXUHGRHVQRWSURGXFHEHWWHUUHVXOW2QLQVSHFWLRQRIIHDWXUHYHFWRUWDEOH
ZH QRWLFHG WKDW WKHSURPLQHQW OLVW RI VWULQJVREWDLQHG DIWHU WKH DSSOLFDWLRQRI IHDWXUH VHOHFWLRQ DOJRULWKP LV UDUHO\
SUHVHQW LQ WKH WDUJHWFODVV7KLVPHDQV WKDW WKH IUHTXHQF\RI D IHDWXUH LQD VDPSOHDUHYHU\ OHVVRUHTXDO LQERWK
FODVVHV7KXVWKHFODVVLILHUPLVFODVVLILHVWKHLQVWDQFH)ROORZLQJDUHWKHILQGLQJVLQIHUUHGIURPH[WHQVLYHH[SHULPHQWV
FRQGXFWHGLQWKLVVWXG\
x 7KH GHYHORSHGPRGHO XVLQJPHWKRGV UHVXOWHG LQ KLJKHU DFFXUDF\ ,W ZDV DOVR REVHUYHG WKDWPRVW RI WKH
PDOZDUHSURJUDPVXWLOL]HVODQJXDJHGHSHQGHQWIXQFWLRQLQVWHDGRIXVHUGHILQHGSURFHGXUHIXQFWLRQV
x +LJKHU DFFXUDF\ LV REWDLQHGZLWKERRVWHGYHUVLRQRI - LH$GD%RRVW07KHSULPDU\ UHDVRQRIEHWWHU
SHUIRUPDQFHLVGXHWREDJJLQJDQGERRVWLQJDSSURDFKLQWKHLGHQWLILFDWLRQRIXQVHHQVDPSOHV
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x :H REVHUYH WKDW GLPHQVLRQDOLW\ UHGXFWLRQ IDYRUV PDFKLQH OHDUQLQJ EDVHG PDOZDUH VFDQQHU DV WKH
HOLPLQDWLRQ RI LUUHOHYDQW DWWULEXWHV JHQHUDOL]HV ODUJH VXEVHW RI VDPSOHV EHORQJLQJ WRPDOZDUH DQG EHQLJQ
LQVWDQFHV$OVRWKHSUXQHGIHDWXUHVKDYHKLJKYDULDQFHLQERWKWKHWDUJHWFODVV
x &RUUHODWLRQIHDWXUHVHOHFWLRQPHWKRGSURGXFHVEHWWHU UHVXOWDVZHKDYHHPSOR\HG WZRVWHSDSSURDFKHV ,Q
WKH ILUVW VWHS IHDWXUH WR FODVV FRUUHODWHG YDULDEOHV DUH DEVWUDFWHG DQG VXEVHTXHQWO\ UHGXQGDQW IHDWXUH DUH
HOLPLQDWHGE\SUHVHUYLQJWKRVHIHDWXUHVWKDWDUHVXSSRVHGWRKDYHPLQLPDOFRUUHODWLRQZLWKRWKHUDWWULEXWHV
x 2Q LQVSHFWLRQ RI WKH YHFWRU VSDFH UHSUHVHQWDWLRQ RI WKH LQVWDQFHV XVLQJ VWULQJ IHDWXUHV KLJKHU
PLVFODVVLILFDWLRQZDVDFKLHYHG:HREVHUYHGWKDWPRVWRIWKHYHFWRUVZHUHVLPLODULQPDJQLWXGHKHQFHGLG
QRWGHSLFWHIIHFWLYHUHSUHVHQWDWLRQRIVDPSOHVEHORQJLQJWRERWKFODVV0RUHRYHULQVWDQFHVKDGOHVVHUQHDUO\
HTXDOIUHTXHQFLHVIRUPDMRULW\RIWKHDWWULEXWHV
5. Conclusion 
IQWKLVSDSHUZHKDYHSURSRVHGDVWDWLFIHDWXUHEDVHG$QGURLGPDOZDUHDQDO\VLVPHWKRGXVLQJPDFKLQHOHDUQLQJ
WHFKQLTXH7KHV\VWHPFROOHFWVSURPLQHQWIHDWXUHVIURP$QGURLGILOHVDQGXVHVIHDWXUHVHOHFWLRQPHWKRGVWRLGHQWLI\
WKHWRSUDQNLQJIHDWXUHV7KHV\VWHPKDVFDOFXODWHGWKHDFFXUDF\RIHDFKFODVVLILHUVHSDUDWHO\7KHIHDWXUHPHWKRGVLV
KDYLQJWKHKLJKHVWDFFXUDF\YDOXHRIZKHQDIHDWXUHOHQJWKRILVXVHGFRPSDUHGWRDOORWKHUIHDWXUHV,W
ZDV IRXQG WKDW $GDERRVW ZLWK - DV EDVH FODVVLILHU ZDV WKH EHVW FODVVLILHU DPRQJ WKH VL[ FODVVLILHUV XVHG $OVR
DPRQJWKHYDULRXVIHDWXUHVHOHFWLRQPHWKRGV&RUUHODWLRQIHDWXUHVHOHFWLRQPHWKRGZDVIRXQGWREHPRVWDFFXUDWH
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